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METHOD FOR FORMING LOW4MFE0ANCE HIGH-DENSITY 
DEP0$ITE»-OM~LAMINATE STRUCTURES HAVING REDUCE© 

STRESS 

5 CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 

This application is a non-provisional application of United States 
provisional patent application numbers 60/097,140, filed August 18, 1 998 entitled 
"EXTENDED LAMINATE STRUCTURE AND PROCESS", and 60/097,169, filed 
August 18, 1998 entitled "THICKNESS OF COPPER", both having Jan Strandberg 

10 identified as an inventor. This application is also claims priority from non-provisional 
applications numbers 09/127,579 filed July 31, 1998 entitled "METHOD FOR 
CONTROLLING STRESS IN THIN FILM LAYERS DEPOSITED OVER A HIGH 
DENSITY INTERCONNECT COMMON CIRCUIT BASE" having Jan Siranberg; 
09/172,178 filed October 13, 1998 entitled "DEPOSITED THIN FILM BUILD-UP 

1 5 LAYER DIMENSIONS AS A METHOD OF RELIEVING STRESS IN HIGH 

DENSITY INTERCONNECT PRINTED WIRING BOARD SUBSTRATES" having 
lames L, Lykins; and 09/191 ,594 filed November 13, 1998 entitled "AN IMPROVED 
METHOD AND STRUCTURE FOR DETECTING OPEN VIAS IN HIGH DENSITY 
INTERCONNECT SUBSTRATES" having David I Chaxan. The provisional patent 

20 applications numbers 60/097,140 and 60/097,169 and non-provisional applications 

mimbers, 09/127,579, 09/172,178, and 09/191,594 are incorporated by reference in their 
entirety. The present case also claims priority from non-provisional United States Patent 
application number 09/127,580 filed July 31, 1998 having David J. Chazan 



25 BACKGROUND OF THE INVENTION 

The present invention relates to the use of thin-film deposition technology 
to create a high speed structure, having high density interconnects formed on a 
conventional printed wiring board substrate. More specifically, the present invention 
pertains to an improved method for minimizing the effects of accumulated stress between 

30 tlie printed wiring board substrate and overlying deposited thin film layers while 

maintaining a relatively overall low impedance in the resulting structure. The method of 
the present invention is also useful for creating interconnections on high density daughter 
boards that carry packaged devices. 
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The semiconductor industry continues to produce integrated circuits of 
merging complexity and increasing density, The increased complexity of some of these 
Integrated circuits has, in turn, resulted in an increased number of input/output pads on 
the circuit chips. At the same time, the increased density of the chips has driven the 
5 input/output pad pitch downward. The combination of these two trends has been a 
significant increase in the connector pin wiring density needed to connect the chips to 
package that interface with the outside world and interconnect the chips to other 
integrated circuit devices, 

A number of different technologies have been developed to interconnect 

1 0 one or more integrated circuits and related components, One such technology is based on 
traditional printed wiring hoard (PWB) technology that found wide use during the period 
in which integrated circuits were packaged in surface mount devices like quad flat packs 
(QFPs), PWB technology typically uses copper and insulating dielectric material sub- 
laminates m building blocks to create the required interconnect stmctuxes. The process of 

1 5 forming a copper conductive pattern on the sub-laminate in PWB technology typically 
includes forming a dry film of photo resist over the copper layer, patterning and 
developing the photo resist to form mi appropriate mask and selectively etching away the 
unwanted copper, thereby leaving the desired patterned conductive layer. 

Substrates used in P WB technology can be manufactured in large area 

20 panels providing efficiencies that lower the costs of production- Interconnect solutions 
using this technology generally have relatively good performance characteristics because 
of the copper and low dielectric constant <e*g. less than or equal to 4.0) employed. The 
printed wiring board industry, however, has not kept pace with the advances in 
semiconductor manufacturing in terms of pad density and pad count . As a result, there is 

25 a capability gap between semiconductor manufacturers and interconnect printed wiring 
board mannfaciures. 

In some applications* two or more pieces of laminate arc laminated 
together to form a final structure. Interconnection between laminated layers can be 
provided by through-holes mechanically drilled and then plated. The drilling process is 

30 relatively slow and expensi ve and can require a large amount of board space. As the 

number of Interconnect pads increases, an increased number of signal layers is often used 
to form the interconnect structure. Because of these limitations, the conventional printed 
wiring hoard technology needs to go to a large number of metal layers (e.g. greater than 
eight layers) for some of the applications in high density integrated circuit packaging and 
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daughter hoard fabrication, Utilizing a large number of layers in this context generally 
increases cost and decreases electrical performance. Also, the pad size limits the wiring 
density on any given layer with this technology. Thus, PWB technology, while useful for 
some applications, is not capable of providing the connection density required in other 
5 applications. 

To improve the interconnect density of PWB technology, an advanced 
printed wiring board technology approach called build-up muM-i aver has been 
developed* In this technology a traditional printed wiring board core is the starting point, 
Standard drilling and plating technique?* form plated through-holes in the core. From the 

10 basic core this build-up approach has many variations. Typically a dielectric layer 

approximately 50 microns thicfc w laminated to both the top and bottom maj or surfaces of 
the conventionally fabricated printed wiring board substrate, Vias are made in the build- 
up layer by laser ablation, photo mask/plasma etch, or other known methods. An 
eleetrodeless seeding step is then done prior to a panel plating step that metafiles both the 

15 upper and lower surfaces. Subsequent masking and wet etching steps then define a 
desired conductive pattern over the laminated dielectric layers. 

This technology offers a large improvement in terms of density over 
standard PWB technology without build-up layers; however, such hnild-np boards require 
multiple layers in order to meet the developing high density packaging and daughter 

20 board requirements. Thus this technology still has limitations, 

Another conventional approach used to package high density interconnect 
applications uses cofired ceramic substrates and is referred to generally as multilayer 
ceramic or MLC technology. Basically, MLC technology involves rolling a ceramic mix 
into sheets, drying the sheets, punching vias, screening the rolled sheets with a metal 

25 paste representing the trace pattern on the surface of the ceramic, stacking and laminating 
all the layers together, then cofirteg at a high temperature (e.g. greater than S50 °C) to 
achieve the desired interconnections* 

MLC construction has found extensive use in high density and Mgh 
reliability products where the robustness of the hi gh density interconnect package 

30 outweighs the cost considerations, The ability to create a hermetic seal in the ceramic 
improves the ability to withstand environments not tolerable to conventional printed 
wiring board technology. While this technology is capable of high density packaging 
applications (e.g. greater than 1000 pads), it Is also very cosily > Additionally, 
performance chamcteristics, such as signal propagation time, are impacted due to the 
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relatively high dielectric constant (eg* between 5,0 and 9,0) of the ceramic material, 
MLC technology provides higher connection density than PWB technology, but is not 
capable of providing the connection density required for some of today's high density 
interconnect applications. 
5 A third approach which the high density interconnect and packaging 

industry has moved to addressing these high density interconnect applications using thin 
film deposition technology . This Is sometimes referred to as deposited on laminate or 
D/L technology in a broad sense, as well as MCM-D or MCM deposition technology in a 
mtdtlchip module context In some applications, such D/L technology includes fomting 

1 0 and patterning thin film conductive traces over large substrates such as the laminated 
printed wiring boards discussed above. Such large substrates may have a surface area of 
40 centimeters by 40 centimeters or more, thereby providing efficiencies that lower the 
costs of production, 

D/L technology utilizes a combination of low cost printed wiring board 

1 5 structures, with, or without the use of the build-up multi-layers on the printed wiring 

board, as a starting point to meet the high density and low cost interoonnect requirements. 
This combination of existing conventional hi gh volume printed wiring board technology 
and advanced thin film deposition technology represents a significant economic 
advantage and density improvement as compared to the previously discussed PWB and 

20 MLC technologies. 

One significant feature of D/L technology is that it creates a high 
jntereonneet density substrate using thin film processes on only one side of the priced 
wiring hoard. The high density interconnects are formed by depositing alternating 
insulating and conducting thin film lay ers. The total thickness of several of these 

25 deposited layers is less than the thickness of a single traditional build-up layer, This 
eliminates the need for balancing the build-up layers on both top and bottom to prevent 
warpage of the substrate. 

The D/L process involves fust laying down a layer of an insulating 
dielectric on the top surface of a primed wiring board snbstrate, depositing a conductive 

30 material over the dielectric layer, creating a circuit pattern in the conductive material, 
then depositing the next insulating and conductive layers. The various layers so created 
are connected through vias constructed using a variety of known techniques such as wet 
chemical etch, photo expose and develop or laser ablation. In this way a three 
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dimensional deposited laminated simcture is achieved enabling high density interconnect 
patterns to be fabricated in small physical areas. 

Despite the definite advantages of D/L technology* there are potential 
problems thai may result in failure modes and performance limitations if the overlying 
5 deposited thin film layers are not properly implemented, One important aspect of the 
implementation of deposited thin film layers on the surface of printed wiring board 
substrates is the control of mechanical stresses generated by both processing and 
operation. Key to control of the these stresses is understanding their sources and 
providing methods and structures that minimize them. 

10 The stresses in a high density interconnect structure result from a number 

of sources. These sources include differences in the coefficients of thermal expansion 
between dielectric, laminate and conductive materials, physical handling, and water vapor 
absorbed by the polymers of the dielectric materials in both the printed wiring board 
substrate and the deposited thin film build-up layers, Each of these stresses can be a 

I 5 source of failures such as cracking of the dielectri c material and crac king and 

delamination of the conductive material. In either of these cases opens and shorts can 
destroy the functionality of the completed high density interconnect structure. The 
stresses associated with physical handling can be substantially eliminated through proper 
design of processes, operator training, and proper fixture design. Stresses related to 

20 thermal changes, however, must be minimized through proper design of the high density 
interconnect structure. 

The stresses linked to thermal changes occur for several reasons, but the 
result is that stress accumulates at the interfaces between the metal conducting features 
and the surrounding dielec tric of the high density interconnect structure. If enough stress 

25 accumulates a crack will develop that, if uninterrupted, may propagate through the 

overlying deposited thin film layers creating feiturea One attempt to reduce the stress 
Included adding a filler to the dielectric layer when being deposited. The filler acted to 
increase the durability of the dielectric layer when subjected to stresses resulting from 
thermal mismatch in the materials, by decreasing the brittleness of the same. Typical 

30 fillers include silica compounds, such as silicon dioxide, silica glass and the like. In 
addition rubber compounds may be employed as fillers, A problem encountered with 
increasing the filler content of the dielectric layer is that the dielectric constant is 
proportional to the amount of filler included in the layer. As a result the less durable the 
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dielectric layer, the higher the impedance associated with the structure formed with such a 
layer. 

What is needed* therefore* is a method for forming a low~impedance high- 
density deposited-on^ammate stxketote having reduced stress. 

5 

SUMMARY OF THE INVENTION 

A method &t forming low-impedance high density deposit-on^aminate 
structures having reduced stress features reducing metallization present on the laminate 
printed circuit board In this manner, reduced is the force per unit ares exerted on the 

1 0 dielectric material that is disposed adjacent to the laminate material which is typically 
present (hiring thermal cycling of the strtictwe. Specifically, the laminate printed circuit 
board has two opposed major surfaces* and a conductive wiring pattern is formed on one 
of the two opposed major surfaces. The conductive wiring pattern typically includes one 
or more conducti ve traces. Each conductive trace has at least two sides extending from a 

1 5 common area, defining a junction, transversely to one another. One of the two sides 
terminates proximate to the first surface. To reduce the force exerted on the dielectric 
material, fee method includes reducing an area of one of the two sides of the conductive 
trace. 

In one emhodimeni, the area is reduced by increasing the area of the 
20 junction through a process of abrasion, Considering the two sides typically extend 
substantially orthogonally to one another, the junction formed thereby defines a right 
angle. Employing abrasion when forming the structure provides the junction with an 
arcuate profile, increasing the surface area of the junction. The increase in surface area 
reduces the force per unit area exerted on the dielectric material disposed adjacent to the 
25 conductive trace* 

In another embodiment, the area of one of the two sides of fee conductive 
trace is reduced by polishing the conductive wiring pattern to reduce a height of the 
conductive trace, measured from the first major surface, to be within a range of 1 0 to 20 
microns, inclusive. In this manner, fee effects of the difference in coefficients of thermal 
30 expansion between the conductive wiring pattern and the dielectric material Is reduced. 
During thermal cycling the dielectric material expands and contracts at a greater rate than 
the conductive wiring pattern. By reducing the spacing between the first surface and the 
dielectric material disposed adjacent to fee conductive wiring pattern, the force exerted by 
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the conductive trace is reduced, it should be rmogmzM, however, that the two 
embodiments may employed in a single structure to farther reduce the overall stresses in 
the same. 

In yet another embodiment of the present Invention* the stress m the 
S stmetere may be reduced in the presence of ttoough-holes. extending between the opposed 
major surfaces. Typically, such through-holes are coated with a conductive material mid 
include an epoxy filler disposed therein, Reeognimig that the epoxy filler expands and 
contracts isotropiealJy, it has been found thai forces exerted on the conductive materia! is 
exerted on conductive traces, resulting in the same causing failures in the dielectric 
10 material To avoid this problem, the epoxy filler is selected to have a coefficient of 
thermal expansion in the range of 20-25 x tO^/ °C, 

These and other embodiments of the present invention along with many of 
its advantages and features are described in more detail m conjunction with the text below 
and attached figures, 

1 5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. I is a CTOSS-seetional view of an exemplary structure formed in 
accordance with the present invention; 

Fig, 2 is a detailed cross-sectional view of the mmit shown above tm Figs 

U 

20 Fig. 3 is a further detailed cross-sectional view showing the features of a 

conductive trace shown in Figs, I and 2 ? above; 

Fig, 4 is a detailed cross~&ectional view sho wing the features of a 
conductive trace shown in accordance with a prior art structure; 

Fig. 5 is a flow diagram of a method employed to form the circuit 
25 identified above in Figs, 1 ( 2 and 3 in accordance with the present invention; 

Fig, 6 is a detailed cross-sectional view showing the features of a 
conductive trace shown in accordance with an alternate embodiment of the present 
invention; and 

is a flow diagram of a method employed to form the circuit 
30 identified above in Figs . 1 and 2 in accordance with a second embodiment of the present 
invention. 



wo 00/07222 8 rcrmmm nu 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
Fig, I shows an exemplary deposited-oa4ammate (D/L) structure 10 in 
accordance with the present Invention that includes a laminate board 12 having two 
opposed major surfaces 12a and 12b with a conducti ve wiring pattern disposed thereof 
5 shown generally m conductive traces 1 4a and 14b, The region of the laminate board 12 
disposed between the surfaces !2a and 12b is laminate resin insulator 16 that lias 
conductive paths, shown generally as 18a and 1 St> ? embedded therein. Typically a 
through-hole 22 is formed in the laminated hoard 12, extending through the resin 
insulator between opposed apertures 22a and 22b positioned in opposed surfaces 12a and 

10 I2b y respectively. Conductive material 24 is present within the through-hole 22 and 
conforms to the shape thereof. In the present example, the conductive material forms a 
hollow cylinder. Typically, one or more of the conductive paths 18a and 18b are in 
electrical communication with the conductive material 24. Disposed adjacent to the 
surface 1 2a is a conductive pad 26a that surrounds the aperture 22a. Also present on the 

15 surface 22b may be another conductive pad 26b, surrounding the aperture 22b. With this 
structure, the conductive material 24 places the conductive pads 26a and 26b in electrical 
communication with each other and the conductive paths 18a and 18b. Although the 
conductive elements of the structure 10 may be formed from any conductive or semi- 
conductive material known, it is preferred that the same be formed from a metallic 

20 material, such as copper containing material. 

Disposed adjacent to the laminate board 12 is a build-up dielectric layer 30 
that includes dielectric material 32 positioned adjacent to surfeee 12a. A via 34 is formed 
in the dielectric material 32 to allow electrical communication between opposing sides of 
the build-up layer 30. To that end, a conductive contact 36 is disponed within the via 34 

25 that is in electrical communication with conductive trace 14a* 

Disposed adjacent to the build-up layer 30 is an extended laminate layer 40 
that includes a plurality of dielectric layers 42 and 44. A conductive contact 46 is 
disposed between layers 42 and 44. A via 48 h formed through dielectric layer 42 
facilitating electrical connections between conductive contact 46 and a circuit positioned 

30 adjacent to the extended laminate layer 40, As shown, a circuit 50 is to electrical 

communication with the conducti ve contact 46 via a solder ball 52 connected to a bond 
pad 54, Typically s the circuit 50 Is spaced-apart from the extended laminate layer 40, 
defining a gap 56 therebetween. Meehanieal support is provided to the circuit SO having 
underfill such m epoxy or mm& other suitable material, placed in the gap 56, 
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A problem solved by the present invention concerned stress failures at the 
conductive tiac^/dieleemc material interlace. For ease of discussion, the stress failures 
occurring within build-up layer 30 are discussed with the understanding that the present 
invention can foe used to reduce the stress at my conductive material materkl/dielectrie 
5 interface, Specifically, it was noticed that cracks formed in the portions of the dielectric 
material located proximate to the conductive traces J 4a and 14b ? as well as conductive 
pad 26a, mid are shown generally as 60> It is believed that these cracks were the result of 
the differing coefficients of thermal expansion of the material from which the conductive 
traces 1 4a and Hb and 22a and the build-up layer 30 are formed. Specifically, the 

10 dielectric material build-up layer 30 is formed from dielectric is Nippon Steel Chemical 
V-259P coated to a maximum thickness of 20 to 30 microns. The Nippon Steel Chemical 
polymer is a photo definable cardo acrylate material and has a coefficient of thermal 
expansion of approximately 50 x 10^/ °C, As mentioned above, it is preferred that the 
conductive traces 1 4a» 1 4b, as well as conductive pad 22a> are formed from a copper 

15 containing material. Typically the copper containing material is a chrome/copper stack 
deposited from, for example, a sputtering process as known to those skilled in the art 
Other copper metallurgy (e.g, chrome/c^pper/chm^ or copper/^iladium among others) 
and can be deposited from a plating process as would also be known to those of skill m 
the art. Nonetheless, the coefficient of thermal expansion of the copper containing 

20 material will be commensurate for that of copper, L&» approximately 163 x tCr*/°C This 
results in the dielectric material 32 expanding and contracting at a greater rate than the 
copper containing material. The different rates of contraction causes the conductive 
traces 1 4a ami 14b, as well as the conductive pad 22a, to exert a great amount of force per 
unit area against the dielectric material 32 when the dielectric materia! 32 contracts, 

25 thereby cracking the dielectric material 32. 

Referring to Figs. 2 and 3, to overcome this problem it was determined 
that the force per unit area exerted on the dielectric material 32 could be reduced by 
reducing the area of one or more of the sides of the conducti ve trace s 14a^ 14b and 
conductive 22a, As can be seen, each of the conductive traces 14a, 14b and conductive 

30 pad 22a has three exposed sides. For purposes of the present discussion only conductive 
trace 14a Is discussed. The three exposed sides of conductive trace 14a are shown as 1 5a, 
ISfe and 15c. Two of the sides, 15a and 15c ? extend parallel to each other Side 15b 
extends transversely to sides 1 5a and 15k in this manner, sides 15a and 1 5c extend from 
the surface 12a and terminate proximate to side 1 5b, forming a junction 15d thereat. 
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It was recognised that the junction 15d is located proximate to the region 
60 of failure m the dielectric material 32. The present invention reduces the faihire k 
region 60 by providing the junction ! 5d with an arcuate profile. Specifically, it was 
recognized that the prior art junctions ! 1 3d, shown in Fig. 4 5 Ibixned a right angle. It was 
5 thought that the force per unit area exerted on the region 160 could be reduced by 

reducing the angle formed the junction 1 15& To that end y the area of the junction 15d, 
shown in Figs. 2 and 3, was increased by providing the same wish an arcuate profile. This 
resulted in a reduction in the area of sides 15a * 1 5b and I Sc. With this structure, reduced 
k the force per unit area exerted on the dielectric material 32 by the conductive trace 14a, 

1 0 during thermal cycling of the structure 1 0. 

To achieve the arcuate profile, it is preferred to use a mechanical vibratory 
polisMng/griuding process. Typically, the laminate board 12 is provided with the wiring 
pattern already disposed thereon. The D/L structure 10 is then fabricated as a end user 
process after fabrication of the laminate board 12, To expeditiously and cost effectively 

1 S achieve the arcuate profile of the conductive trace 1 4a of the wiring pattern, it was found 
eifeclive to emptoy a vibratory abrading apparatus, An example of such a vibratory 
abrading apparatus is shown in United States FMmi No, 4, 143,49 L In such a device, a 
receptacle contains an abrading compound For example, sand with a very fine grain 
structure that is agitated or oscillated at a predetermined frequency is present in the 

20 receptacle. By placing the laminate board 1 2 in the vibratory abrading apparatus, the 
edges of Junction 15d of the conductive trace 14 a is abraded to provide the 
aforemmtioiied arcuate profile. 

Referring to Figs, I and 5, ihe method for forming the D/L structure 10 
includes providing the laminate board 12 having a wiring pattern thereon at step 200 and 

25 applying an identifier on the laminate board 12 using, among other things, as ablation 
process. For example, a laser may be employed to scribe the board as a function of the 
operation to he performed. The laminate board 12 may have any thickness desired. 
Preferably, the laminate board 12 is a one millimeter thick, measured between the 
opposing major surfaces 12a and 12b manufactured by Mitsubishi from BT HL8S 0 resin 

30 dielectric. Typically, the wiring pattern consists of conductive traces, shown generally as 
conductive traces 14a, 1 4b and conductive pad 22 a, having a thickness in the range of 20 
to 30 microns, The thickness of the conductive traces is measured from tbc surface 12a 
to, for example, the side 15b of the conductive trace 14a, 



wo oo/o?222 i t rvrm$?mi4M 

At step 202, the laminate board 12 is placed m a vibratory abrading 
apparatus, as discussed above, to create the arcuate profile of the junctions of the copper 
conductive traces that comprising the wiring pattern. At step 204, the wiring pattern is 
cleaned using a standard process laiown in the art. Specifically, m antioxidant such is 
5 employed that creates an oxide on the surface having a thickness of approximately 1 ,000 
angstroms. At step 206, the dielectric material 32 is deposited on the surface 12a via spin 
coating so as to flow and planarise the wiring pattern adjacent thereto. To ohtah! the 
desired thickness, multiple layers may he spun-oit to *%uild~up" the layer 30, as desired. 
In the preferred method* two layers of dielectric material 32 are spim-on to provide a 

10 thickness in the range of 2S to 50 microns, inclusive. At step 208„ an image of a via 
pattern, such as for via 34, are formed in regions of dielectric materia! which arc 
developed and the developer subsequently removed. At step 210, the laminate hoard 12 
is then baked at 160 °C for 90 to cure and reflow the dielectric layer 32. At step 212, 
residue present on the dielectric layer Is removed by placing the laminae hoard 12 in a 

15 plasma including oxygen source, such as and a fluorine source, such as Fa. The 

plasma also toughens the sudhee of the dielectric material 32 disposed opposite to surface 
12a. At step 214 ? a wet etch is employed to remove the exposed surfeces of the oxide 
present on the wiring pattern, Additional copper is then sputtered onto the laminate hoard 
12, coextensive with the area of the surfece 12a at step 216, In this fashion, all exposed 

20 dielectric material 32 is covered with copper approximately 2 ? OG0 angstroms thick, 

forming a seed layer. The seed layer may be deposited foy a number of different methods 
as would be known to a person of ordinary skill in die art In one preferred embodiment 
the seed layer is a chrome/copper stack where the chrome layer is an adhesive layer 
approximately 200 angstroms thick, and the overlying copper layer is approximately 2000 

25 angstroms thick, with each layer being deposited by a sputtering process* 

At step 21 8, the seed layer is patterned by depositing a photoresist layer 
over the seed layer, exposing selected portions of the photoresist to UV light and 
developing the exposed layer to remove desired portions of the photoresist Thereafter, a 
plating process is employed as step 220 wherein the laminate board 12 is immersed in a 

30 plating bath (e*g, ? in a SFT plating tool manufactured by Technics Corporation) and 
electrical contact is made to seed lay er so that the seed layer acts &$ a cathode. 
Preferably, electrical contact is made to an exposed area of the seed layer cm the periphery 
(Le>, outside the active area) of the laminate hoard 12, 
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In the plating bath, the laminate board 12 Is positioned between two 
opposing anodes so that material can be plated on both surface 1 2a and I2lx This results 
i*i exposed pads an both surfaces 1 2a and I2h being are plated. The exposed pads on 
the surface 12a include conductive contact 36. Because the method of the present 
5 invention utilises a design rub in which all plated through holes are electrically 

connected to a conductive pad 36, plating should occur on the bottom pads connected to 
each plated through hole unless a defect (open) exists m the substrate. 

At step 222 the photoresist is stripped arid the copper etched leaving the 
wiring pattern desired. Thereafter, at step 224, an electrical test is performed to cheek the 
10 electrical characteristics of the wiring pattern. The aforementioned steps may he repeated 
to deposit an additional layer onto the structure UX In addition, while not specifically 
mention, above, various visual inspections may be performed during any of the 
aforementioned process steps to detect failures during fabrication* 

The arcuate profile Is demonstrated by comparing Figs, 3 and 4, wherein 
J 5 junction 160 is shown having m arcuate profile and junction 60 forming a right angle. As 
shown, the profile of junction 160 results in a reduction in the area of the sides 1 1 5a, 
1 15b and MSc of the conductive trace 1 14a, compared with the conductive trace 14a 
shown m Fig. 4, 

Referring to Fig, 6 S in yet another embodiment of the present Invention* 
20 the force per unit area exerted on the dielectric material 132 may be further reduced by 
polishing the wiring pattern on surface 1 12a of the laminated substrate 1 12. In this 
manner, the conductive traces on the surface 1 12a, such as conductive trace 1 14a, has a 
height, measured from the surface i 12a to the side 1 15b that is reduced m the range of 
10-20 microns. As a result, the area of both sides 1 1 5a and 1 1 5c are reduced. This was 
25 found to greatly decrease the failures in the regions 3 60 of dielectric material 132, 

Specifically, it is believed that by reducing the vertical separation of dielectric material 
132 m region 160 from the surface 1 1 2a* there less stress exerted on the region due 
accelerated contraction of the dielectric material 132 during thermal cycling. As before* 
with less stress being exerted on region 1 60 by the wiring pattern, the dielectric material 
30 may be made much thinner and with less filler, thereby providing a lower dielectric 
constant to the structure and therefore, a lower impedance, 

Referring to Fig, 7 ? the process for fabricating structure 1 10 is similar to 
thai recited above with respect to Fig. 5, except that step 202 is replaced by step 302 in 
which the wiring pattern on the board is polished by any means known in the art to a 
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height in the range of 10 to 20 microns* inclusive. However, a height of 12 microns is 
preferred. The remaining steps of the process of Fig. 7, 300, 304, 306, 308, 310, 312, 
314,316, 318, 320, 322 and 324 are identical to steps 204* 206, 208, 210, 212, 214, 218, 
220, 222 and 224, respectively, mentioned above with respect to Fig. 5. It should be 
5 understood, however, that both steps 302 and 202 could be combined m fabricating a 

common D/L stracture 10, As a result, the method of fabrication would being identical to 
that discussed above with respect to Fig, 7 and including step 202 shown above in Fig. 5. 
The combining the junction with the aimiate profile, as discussed above would augment 
the stress reduction achieve by polishing the wiring pattern to the critical height in the 

1 0 range of 1 0 to 20 microns. 

Referring again to Fig. 1 s in yet another embodiment of the present 
invention, stress on the dielectric material 32 is reduced by establishing the coefficient of 
thermal expansion of an epoxy filler disposed within the through-hole 22 to he within a 
critical range. Specifically* it was found that the stress on the dielectric material 

1 5 proximate to the junction 1 7 was in part attributable to the expansion of the epoxy filler 
23 disposed within the through-hole 22. It is believed that the isotropic nature of the 
expansion of the epoxy filler 23 coupled with the thickness of the laminate substrate 12 
resulted in a great amount of force being exerted on the conductive material 24 disposed 
within the through-hole . This force is in turn transmitted to the dielectric material 32 

20 causing failure of the same. This problem is not belie ve to have been seen before, 

because most laminate boards employed for structures simitar to structure 10 are much 
less than one millimeter in thickness. As a result, die epoxy filler deposited in the 
ihougjWboie is much less massive than that employed in the present invention. To reduce 
the stress exerted on the dielectric material, it is critical feat the epoxy filler having a 

25 coefficient of thermal expansion in the range of 20-25 x 10^/ inclusive. 

It is to be understood that the above description is intended to be 
illustrative and not restrictive. Many embodiments will be apparent to those of skill in the 
art upon reviewing the above description, By way of example, each of the tee 
embodiments have been described as being employed in an extended laminate structure 

30 independent of the remaining embodiments, but all may be Included m a common 

structure or any combination of the two of the three embodiments may be included in a 
common structure white omitting the third embodiment. Finally, the conductive material 
has been described as being copper, but any conductor, such as aiumitmm, gold and the 
like, may be employed. Those skilled in the art will recognise other equivalent or 
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alternative methods of reducing the stress as described above while remaining witlim the 
scope of the claims of the present invention. The scope of the inventions should, 
therefore, be determined not with reference to the above description, but should instead 
he determined with reference to the appended claims, dang with the fail scope of 
5 equivalents to which such ektms are entitled. 



WHAT IS CLAIMED IS: 



1 LA method for forming a deporited<>n4aminate structure on a 

2 laminate printed circuit board of the type having a metallic wring pattern, said method, 

3 comprising: 

4 forming a build-up layer of dielectric material over said wiring pattern. 



5 with said wiring pattern having a conductive trace with two sides extending from a 

6 common area, defining a j unction, transversely to one another with both said dielectric 

7 material and said signal trace having differing coefficients of thermal expansion that 

8 results in said junction exerting, on said build-up layer, a force per unit area when cycled 

9 over a range of temperature; and 



10 reducing said force per unit area exerted on said dielectric material by said 

1 ! junction upon both said build-up layer and said conductive trace cycling over said range 

12 of temperatures, 

1 2s tie method as recited in claim I wherein reducing said feree per 

2 unit a^ea includes increasing an area of said junction, 

1 3* The method as recited in claim 1 wfercin reducing said force per 

2 unit area includes abrading regions of said conductive tr^ said junction, 

! 4 The tneibod as recited in claim I further including tailing, 

2 adjacent to said build-up layer, an extended laminate layer. 

1 5* The method as recited in claim I further including disposed* 

2 adjacent to said extended laminate layer, a semiconductor circuit, with said extending 

3 laminate layer and said build-up layer including conductive lines placing said 

4 semiconductor circuit in electrical communication with said wiring pattern, 

1 & The method as recited in claim 1 wberein said laminate printed 

2 circuit board has a laminate mirface and reducing said force per unit area includes 

3 polishing said metallic wiring pattern to reduce a height of said conductive trace, 

4 measured from said laminate surface, to be within a range of 10 to 20 microns, inclusive. 

1 7, The method as recited in claim 6 wherein said height is 1 2 microns. 
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1 The method as recited hi claim 1 wh&reJn said laminate printed 

2 circuit board has two opposed major sur&ccs with a ihmii^Vhole sxisndmg therebetween 

3 placing said two opposed major surface in fluid communication, with said through-hole 

4 being coated with metallic material and having a non-condttettve filler disposed therein, 

5 said filler having a coefficient of thermal expansion in the range of 20-25 x 1 CT*V °G. 

1 9. A method for forming a deposited-on-lamijaate straeiure on a 

2 laminate printed circuit board of the type having a metallic wiring pattern, said method* 

3 comprising: 

4 forming a build-up layer of dielectric material over said wring pattern,, 

5 with said wiring pattern having a conductive trace with two sides extending from a 

6 common area, defining a jtmction, transversely to one another; and 

7 reducing an area of one of said two sides. 

1 1 0 > The method as recited in claim 9 wherein reducing said area 

2 includes abrading regions of said conductive trace fmDximate to said junction, thereby 

3 increasing an area of said junction 

1 1 i. The method as recited in claim 9 wherein said laminate printed 

2 circuit board has a laming? surface and reducing said area includes polishing said 

3 metallic wiring pattern to reduce a height of said conductive trace, measured from said 

4 laminate surface, to be within a range of 10 to 20 microns, inclusive* 

1 12. The method as recited in claim 9 wherein reducing said area 

2 includes abrading regions of said conductive trace proximate to said junction and 

3 polishing said tnetail i c wiring pattern to reduce a height of said conductive trace, 

4 measured from said laminate surface, to be within a range of 10 to 20 microns, inclusive. 

1 1 3. The method as recited in claim 9 further including forming, 

2 adpcent to said build-up layer, an extended laminate layer. 

1 1 4 The method as recited in claim 13 further including disposed, 

2 adjaeent to said extended laminate layer, a semiconductor cimu^ extending 

3 laminate layer and said buildup layer including conductive lines placing said 

4 sesmf conductor circuit in electrical communication with said wiring pattern. 
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1 15, A method for forming a deposlted-on4aminate structure on a 

2 laminate printed circuit board of the type having two opposed major surfaces with a 

3 thtot*gh«hoie extending between said two opposed major surfaces, said method 

4 comprising: 

5 coating said through-hole with a conductive material; and 

6 disposing, within said tfarongh-hote, a filler having a coefficient of thermal 

7 expansion in the range of 20-25 % 1 &*f *C« 



1 16. The method m recited in claim 15 taher including forming a 

2 metallic wiring pattern on one of said two opjx>sed major surfaces and disposing a build* 

3 up layer of dielectric materia! over said wiring pattern, with said wiring pattern having a 

4 conductive trace wi th two sides extending from a common area, defining a junction, 

5 transversely to one another and reducing an area of one of said two sides. 

1 17* The method as recited in claim 1 6 wherein reducing said area 

2 includes abrading regions of said conductive trace proximate to said junction, thereby 

3 increasing m area of said j unetion. 

1 18. The method as recited in claim 17 wherein reducing said area 

2 further includes polishing said metallic wiring pattern to reduce a height of said 

3 conductive trace, measured from said one of said two opposed major surfaces, to he 

4 within a range of 1 0 to 20 microns, inclusive, 

1 1 9, The method as recited in claim 1 8 wherein said height is 1 2 

2 microns, 

1 20. The method as recited in claim i 8 further including forming, 

2 adfac^nt to said build-up layer, an extended laminate layer and disposing, adjacent to said 

3 extended laminate layer* a semiconductor circuit, with said extending laminate layer and 

4 said build-up layer Including conductive lines placing said semiconductor circuit in 

5 electrical communication with said wiring pattern. 
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